Light microscopy 141
The microstructure of the tomato juices after processing was assessed using a CX41 light 142 microscope (Olympus, U.K.). The samples were stained with toluidine blue and observed on 143 a glass slide and evaluated using different magnifications. Representative images were taken 144 with a digital video camera (JVC TK C1480BE). 145 7 2.5. ABTS and ORAC antioxidant capacity assays 146 Tomato juice extract was obtained by vortexing 0.5 g freeze dried tomato juice in 10 ml 80% 147 ethanol at 2500 rpm for 20 min and centrifuged for 10 min at 2500 × g, prior to analysis. The 148 ABTS radical-scavenging assay is based on the discolouration of the radical cation 3-ethyl-149 benzothiazoline-6-sulfonic acid (ABTS•+; Sigma, UK.). The procedure was performed 150 according to Miller et al. (1993) as improved by Re, Pellegrini, Proteggente, Pannala, Yang,
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& Rice-Evans (1999) . Absorbance was measured at 734 nm after 10 min incubation. The 152 results were expressed as μmol Trolox equivalents per g of dried weight using an appropriate 153 calibration curve. The oxygen radical absorbance capacity (ORAC) assay was performed 154 according to Huang et al. (2005) with some modifications. Fluorescence of the samples was 155 recorded for 100 min at 2 min intervals using a plate reader (Tecan, Safire 2190, UK). 156 Excitation wavelength was set at 485 nm and emission wavelength at 530 nm. ORAC values 157 were calculated using the areas under the fluorescein decay curves (AUC), between the blank 158 and the sample. Results were expressed as μΜ Trolox equivalents (TE) per g of dried weight. 159 160 2.6. Microbiological analysis 161 At each sampling interval, juice samples were opened aseptically and a suitable dilution 162 series was prepared in maximum recovery diluent (MRD) (Oxoid code CM733, Oxoid, 163 Basingstoke, UK) and the appropriate dilutions were prepared. Total viable counts (TVC) 164 were enumerated by spread plating onto plate count agar (PCA) ( Basingstoke, UK) with incubation at 25ºC for 72 and 120 hours. Each sample was plated in 171 duplicate and the results (the mean of the two plates) were expressed as log10CFU/ml of juice. 172 173 2.7. In vitro digestion model 174 In order to investigate the cytoprotective effect against H2O2-induced oxidative stress of the 175 bioaccessible fractions of the two types of juices on Caco-2 cells, tomato juice samples after 176 conventional and microwave pasteurisation (day 0) were subjected to a simulated in vitro 177 digestion coupled with Caco-2 cells. Juice samples were weighed in amber glass tubes and 178 subjected to a simulated human gastric and small intestinal digestion based on the method 179 described by Hedrén et al. (2002) and Colle, Van Buggenhout, Van Loey & Hendrickx, 180 (2010) with modifications, in order to obtain the bioaccessible fraction of the tomato juices.
181
All steps were carried out under dimmed light. The digests were centrifuged at 5000 × g for 182 60 min at 4°C to separate the soluble juice fraction, followed by filtration using 0.22 μm 183 membrane filters (Millipore, UK). Samples were stored in amber tubes at -80 o C under 184 nitrogen until further analysis. In order to ensure the inactivation of enzymes, all digests were 185 heated in a water bath for 4 min at 100 o C and then cooled before they were used for 186 incubation with the Caco-2 cells (Cilla et al. 2008 were maintained according to Cilla et al. (2008) . For the assays, Caco-2 cells were seeded 192 onto 24-well plates, at a density of 1×10 5 cells with 1 ml of MEM and the culture medium 193 was changed every three days. Twenty one days after confluency, the culture medium was 194 removed from the wells and the cell monolayers were washed with phosphate buffered saline 195 9 heated to 37ºC. The cells were pre-incubated (37ºC/5% CO2/95% RH) for 24 h with the 196 bioaccessible fractions of the tomato juice samples, with a ratio of fraction to culture media 197 of 1:1 (v/v) in order to preserve cell viability. Afterwards, the MEM was removed and the 198 cells were washed with PBS. The induction of oxidative stress was carried out by exposure to 199 a 5 mM H2O2 solution in MEM for 1 h (37ºC/5% CO2/95% RH). A hedonic test was conducted with 28 assessors in individual booths, aged between 21 and 215 60, who scored the acceptability of various tomato juice attributes using the following scoring 216 system: 1 -dislike extremely to 9 -like extremely. Each assessor was asked the score the The experiment was performed in two different occasions in order to obtain two independent 225 trials. Differences between treatments were assessed with two way analysis of variance 226 (ANOVA) followed by Tukey's post hoc test. One way analysis of variance was used to 227 determine between treatments for the organoleptic analysis and alamarBlue assay. A 228 significance level of p < 0.05 was used for comparisons between treatments and storage time. Soliva-Fortuny, and Martin-Belloso, 2006) . Both redness (a*; 1.96 ± 1.07 and 1.48 ± 0.30 241 for the CP and MVH pasteurised tomato juice, respectively) and chroma values (C; 7.44 ± 242 11 2.24 and 7.31 ± 0.48 for the CP and MVH pasteurised tomato juice, respectively) of the 243 tomato juices after processing (day 0) were quite low compared to commercial 244 conventionally pasteurised tomato juice (Sánchez-Moreno, Plaza, de Ancos and Cano 2006) 245 which is attributed to the specific tomato variety that was used to prepare the juice in this 246 study. All colour parameters studied did not differ significantly between the two processing 247 technologies (p > 0.05) and during storage. Cloudiness of the two types of juices was also The total antioxidant capacity of CP and MVH pasteurised tomato juice was determined by 269 means of the ABTS and ORAC assays ( Table 1) . The ABTS value for the MVH juice was 270 significantly higher compared to the CP one at day 0 of storage (p < 0.05). ORAC values 271 showed no statistically significant differences between the two processing technologies at day ORAC versus ABTS has also been found in other studies (Zulueta Esteve and Frígola 2009).
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The total antioxidant capacity of the juices showed fluctuations throughout the entire period 289 of storage (Table 1 ). It is noteworthy that these fluctuations in both types of tomato juice 290 were quite similar. Both ABTS and ORAC values showed a significant increase in 291 antioxidant capacity at the end of the storage period for CP but not for MVH juice. These The effect of both types of processing on total viable counts (TVC), lactic acid bacteria 299 (LAB), Enterobacteriaceae and yeasts and moulds counts of tomato juice during storage at 300 4°C for 56 days, was investigated. Immediately after processing (day 0 of storage) both types 301 of tomato juice had counts below the limit of detection for all the microorganisms tested.
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Throughout storage, LAB, Enterobacteriaceae and yeasts and moulds counts remained below 303 the detection limit for both juices. Only TVC counts were detected on day 28 (2.13 ± 0.33 304 and 2.00 ± 0.33 log CFU/ml for CP and MVH juices, respectively) which remained stable 305 until day 56 (2.16 ± 0.25 and 2.05 ± 0.12 log CFU/ml for CP and MVH juices, respectively), 306 with no significant differences between storage days (p > 0.05) or between processing 307 technologies (p > 0.05). The results from the present study are in accordance with the results 308 of Hsu, Tan and Chi (2008) that showed LAB, Enterobacteriaceae and yeasts and moulds 309 counts remained below the detection limit in thermally pasteurised tomato juice for at least 28 310 days of refrigerated storage. The low microbial counts during storage are consistent with the 311 stable pH values observed for both types of tomato juice since a reduction in pH may be 312 attributable to organic acid production as a result of microbial growth. Even though the 313 heating mechanism of the two technologies is different the results reveal a very similar effect 314 on the microbial stability during storage. Microwave volumetric heating appears to be equally found a similar effect of H2O2 on Caco-2 cells. After H2O2 diffuses to mitochondria, it has 337 been found to cause a loss of mitochondrial integrity and function and ultimately cell death 338 (Mronga, Stahnke, Goldbaum, & Richter-Landsberg, 2004) . In this study, for the Caco-2 cell 339 cultures that were pre-incubated with bioaccessible fractions of CP and MVH tomato juices 340 the AlamarBlue assay showed increased cell viability for both types of processed juices.
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Tomato is considered a rich source of several antioxidants, such as ascorbic acid, vitamin E, 342 15 carotenoids, flavonoids and phenolic acids (George, Kaur, Khurdiya, & Kapoor, 2004) . Thus, 343 it appears that the antioxidants present in the bioaccessible fractions of the tomato juices 344 where able to partially prevent the cytotoxic effect induced by H2O2 on the Caco-2 cells. found that for high pressure homogenisation increasing the pressure levels resulted in the 365 formation of a stronger fibre network in tomato pulp which leads to the decrease of lycopene 366 in vitro bioaccessibility by making it less approachable to digestive enzymes and bile salts.
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Therefore, the increased protective effect observed in this study for the MVH tomato juice 368 might also be derived by the increased bioaccessibility of certain nutrients present in the 369 juice. The differences in cloudiness levels between the two tomato juices might be an 370 indicator of their different microstructure however more in depth analysis is needed to 371 conclusively state this. In this regard, parameters such as the temperature kinetics of the heat 372 treatment play an important role in lycopene bioaccessibility as rapid heating of tomato puree 373 (with the use of a microwave oven) can lead to higher bioaccessibility compared to a slow 374 temperature increase (Page, Van Stratum, Degrou & Renard, 2012) . A comparison to a 375 conventional continuous flow system will give further evidence on the effect of processing on 376 antioxidant bioaccessibility. Since the food industry is showing interest in the adoption of novel processing technologies 380 in order to meet the needs of consumers investigating the impact that these technologies have 381 on the acceptability of processed products is essential. The organoleptic analysis results of the 382 pasteurised juices are presented samples in Fig. 4 . In general, both the CP and MVH tomato 383 juices had similar scores. The results of the analysis showed that no differences between the 384 two juices could be distinguished by the organoleptic panel for the odour, acidity, flavour and 385 sweetness attributes. A statistically significant difference was observed for the appearance 386 attribute with the CP juice scoring slightly higher. However, the overall acceptability (p > 387 0.05) did not differ significantly between the two types of juice. The lower scores for 388 appearance of MVH juice could be explained by the higher cloudiness values observed ( Fig.   389 2). Similar results were found by Valero et al. (2000) who stated that there were no 390 perceivable differences in organoleptic characteristics between microwave and 391 conventionally processed milk in a heat exchanger both after processing and during storage. 392 It has also been reported that microwave processing can result in improved organoleptic 393 characteristics. The study of Benlloch-Tinoco et al. (2014) demonstrated that based on all the 394 organoleptic characteristics tested, panellists showed a clear preference to the microwave 395 processed kiwifruit puree compared to conventional heat treated one in a batch retort. In the 396 present study, given that there was no difference in the overall acceptability in almost all 397 attributes evaluated, it is concluded that the continuous microwave processing is a promising 398 and viable alternative to conventional pasteurisation. More work comparing the MVH system 399 to an industrial scale conventional continuous flow pasteuriser will provide more information 400 on the potential advantages of this novel technology. 
